Background. Existing research shows significant effects of pedometer interventions on students' physical activity (PA
Motivational Aspects and Critical Issues of a Pedometer Intervention in Adolescents
, the promotion of PA and the establishment of a more physically active lifestyle in childhood and adolescence are essential public health issues. Moreover, physically active youths have higher levels of PA and a more favorable cardiovascular risk profile in adulthood (Malina, 2001; Telama, 2009; Twisk, Kemper, & van Mechelen, 2002) .
In a number of studies school-based interventions were successful in increasing rate and duration of inschool PA and aerobic fitness as well as decreasing sedentary behavior and blood cholesterol (De Meester, van Lenthe, Spittaels, Lien, & de Bourdeaudhuij, 2009; Dobbins, Husson, Decorby, & LaRocca, 2013; Kriemler et al., 2011) . However, most of these school-based PA programs fail to enhance out-of-school PA as well (De Meester et al., 2009; van Sluijs, McMinn, & Griffin, 2007) . The PA program "läuft." integrates the use of pedometers with well-established behavior change strategies such as goal setting, self-monitoring, and social support (Michie, Abraham, Whittington, McAteer, & Gupta, 2009; Ory, Jordan, & Bazzarre, 2002) to promote PA in different contexts and of different intensities. Using pedometers leads to an increase of not just in-school but also out-of-school PA (Lubans & Morgan, 2008; Schofield, Mummery, & Schofield, 2005) since students are able to track and accordingly regulate their own PA throughout the entire day. Corder, Atkin, Ekelund, and van Sluijs (2013) also mention that especially with adolescents the problem appears to be that not all activities and contexts of PA suit all subgroups of youths. Therefore, the possibility to choose "activity type, co-participants, timing and location of" (Corder et al., 2013, p. 5 ) PA seems to be a promising strategy for interventions with adolescents at school.
In a cluster-randomized controlled trial, the effects of the "läuft." program on students' out-of-school sports activities as well as active commuting were demonstrated (Suchert, Isensee, Sargent, Weisser, & Hanewinkel, 2015) . The positive effects found in the "läuft." trial as well as in other pedometer interventions support further research regarding the specific role of pedometers as a motivational device and practical issues. Only a few studies addressed these research questions qualitatively or in a diverse sample (e.g., Gardner & Campagna, 2011) . Less is known about motivational and practical aspects of pedometer interventions in youth. There is a need for deeper insights into individual experiences using pedometers for PA promotion. Thus, the current study analyzes qualitative data of participating students and teachers in the "läuft." trial to get a better understanding of how the effects found in the quantitative data could be explained and which critical issues in pedometer use are raised. In intervention research, the usage of mixed methods can improve the understanding of causal mechanisms, help understand why and how the intervention affected the target behavior (Curry, Nembhard, & Bradley, 2009) , and enhance validity of quantitative results (Creswell & Plano Clark, 2011) .
Underlying research questions are as follows:
research Question 1: Which strategies did students use for collecting steps? research Question 2: Which motivational aspects of pedometer use in the "läuft." PA program can be identified? research Question 3: What are critical issues regarding the use of pedometers in the "läuft." program?
> > MetHod

Study Design and Procedure
A mixed-methods explanatory sequential design was employed (Creswell, 2015) . That is, qualitative methods are used to expand or elaborate on quantitative data. Detailed information about randomization, recruitment of the study sample, and the whole study are presented in the study protocol (Suchert et al., 2013) .
The ethics committee of the German Psychological Society and the Ministry of School and Professional Education of Land Schleswig-Holstein approved the whole trial. Informed parental consent to the storage and usage of students' data was obtained. Figure 1 shows a schematic presentation of the study procedure. The "läuft." PA program was evaluated in a cluster-randomized controlled trial (ISRCTN49482118). Quantitative data were collected before the intervention, directly after, as well as 1 year later in the intervention and the control group. The current study deals with quantitative data from the first and second wave. Additional, qualitative data were only collected in the intervention group.
Intervention
"läuft." is a 12-week school-based PA program targeting students aged 12 to 15 years. The core components of the intervention were pedometers and two class competitions: (1) classes with the highest means of steps in 3 selected weeks and (2) classes with the most creative projects to promote PA in everyday school life were awarded. Students received pedometers (model: OMRON Walking style One 2.1 [HJ-321-E]) for their own use. In addition, classes participated in four educational lessons. (1) The first lesson aimed at introducing the pedometers and how to wear them. The students also were confronted with the first competition: classes with the highest step counts and with the highest increase of step counts over the 3-month intervention time were awarded. (2) The second lesson provided several ideas on how to lead a more physically active everyday life. Here classes got time to focus on their own ideas and to develop their own class project for a more active lifestyle in school. In this second competition, classes with the most creative ideas on how to improve (school) PA were awarded. (3) The third lesson included an actual physical education lesson that combined a rally with practical exercises at the schoolyards equipment. (4) The fourth lesson encouraged students to reflect on strategies for increasing PA and to develop long-term aims.
The headmaster and entire teaching staff of participating schools as well as parents of participating students received information material.
Participants
Overall, 29 schools with 61 classes (8th grade) decided to take part in the study. While 18 schools with 36 classes were randomly allocated to intervention group, 11 schools with 25 classes were allocated to control group. At baseline, data of 1,296 students were collected of which 1,162 students could be reached again at postassessment. Based on this sample, the immediate effects of the "läuft." program on students' PA were determined. Out of the 36 intervention classes, 30 indepth interviews (three pair interviews) with 33 teachers (91.7% of intervention classes; 75.8% female, 24.2% male; aged 32-59 years) were realized. Furthermore, 34 guideline group interviews (94.4% of intervention classes) with 4 to 6 students per group were conducted. Overall, 176 students (51% girls) aged 12 to 17 years (M = 13.74, SD = 0.67) were interviewed (15.1% of the whole study sample).
Qualitative Data Collection
Open group interviews (=focus groups) were conducted to gain information about students' views (Patton, 2002) . Students' recruitment followed a priori defined criteria: interested/not interested in the "läuft." program, sporty/not sporty, and female/male. Focus groups followed a semistructured guideline about (1) participants' experiences of the competitions, (2) their experiences with pedometer use, and (3) social interaction. All focus groups were conducted without the presence of a teacher. The duration of focus group sessions varied from 5 to 20 minutes, and an overall duration of 6 hours was realized.
Furthermore, semistructured interviews following a similar guideline as the students' group interviews and containing open-ended questioning (Patton, 2002) were conducted with teachers who implemented the "läuft." program. A total of 33 of potentially 36 teachers took part in the interviews, so no further sample criteria were needed. Additionally, the teacher guideline specifically asked about the implementation of the school lessons, and the perceived roles of students and teachers. Records accumulate to 6 hours and 10 minutes.
All focus groups and interviews were conducted by two of the mentioned authors. Additionally, all focus groups and interviews were digitally recorded and 
Data Analysis
All data were analyzed using ATLAS.ti software (ATLAS.ti GmbH, Germany). Coding strategies of grounded theory (Corbin & Strauss, 2008) aimed at reconstructing relevant categories and code families. Complying with common standards of qualitative research (Tong, Sainsbury, & Craig, 2007) , coding of transcribed material was realized in group sessions as well as in individual sessions. Intensive communication about codes and categories ensured a mutual understanding of central terms as well as of interpretation processes and results. Categories derived inductively from data, focusing in a second step on motivational aspects of pedometer use in the "läuft." program. The Consolidated Criteria for Reporting Qualitative Research (COREQ) checklist was used in a notional background to make sure all relevant aspects were considered (Tong et al., 2007) .
> > reSultS
Strategies for Collecting Steps
As described in a prior publication (Suchert et al., 2015) , the analysis of quantitative data using multilevel mixed-effects linear regression analyses showed significant favorable intervention effects of the "läuft." program on students' out-of-school sports activities and active commuting (Table 1) . In focus groups and in-depth interviews, participants reported higher levels of students' PA, especially at the beginning of the "läuft." program. These reported higher levels of PA at the beginning are told to be declining again after the first impulses. But, nevertheless, quantitative data of the follow-up analysis show even after 1 year follow-up that some increase of PA remains. The following specific strategies/activities for increasing step counts were mentioned by the students: (1) doing more sports like dancing, horse riding and especially running (jogging); (2) taking the dog for a walk more often; (3) bicycling more often; (4) increasing active transport to school and PA during recess; (5) walking around while performing other activities, for example, learning vocabularies; and (6) walking longer distances to reach a destination.
Motivational Aspects of Pedometer Use in the "läuft." Program
Figure 2 provides an overview of inductively derived categories. Below, results are elaborated on each category.
Affordance of the Pedometer. Students mentioned a high affordance of the pedometer for engaging in PA, which was characterized by its feedback and reminder functions. On the one hand, students received feedback a Based on multilevel mixed-effects linear regression analyses, where each outcome was regressed on group, wave of assessment, and on the interaction term between both; considered levels: school, class, and individual (Suchert et al., 2015) . about their activity levels during the entire day. On the other hand, the pedometers were constant reminders to be (more) physically active. The novelty and attraction of the devices intensified this effect especially at the beginning of the intervention.
Student 1: "At the beginning, when we first got the pedometer and the device was new, we always walked around in the classroom. And we walked during recess and additionally during soccer training. We ran a lot. I ran some extra laps."
Awareness. Based on the pedometer's feedback function, students reported a higher awareness of their PA levels as well as critical reflections on qualitative aspects of being physically active and collecting steps. Students became aware of (1) which PA produces certain step counts, (2) differences regarding taken steps between weekdays and weekend days, and (3) the fact that it is much easier for sportive students than for nonsportive ones to increase their step counts. In addition, the measurability of everyday PA increased the awareness of the health relevance of those activities.
Teacher 1: "In my opinion, they [the students] understood that the essence of the program was to see how much they really move. And, additionally, they could evaluate whether the step counts correspond with their own perceptions." Student 2: "I am doing self-defense. One and a half hour. During the same time I collect only 2,000 steps. And a friend of mine, he is doing soccer, collects 7,000 more. That is because he is always running while playing soccer."
Individual Goal Setting. The analysis of the interviewees' statements suggests a great importance of individual goal setting. Students described a pronounced focus on their own PA and reported that they developed strong ambitions for achieving self-imposed targets, such as surpassing the number of steps of the previous day and surpassing the number of steps of a classmate or to catch up with the 10,000 steps/day goal. The pedometers' feedback function provides the opportunity to set individual goals and keep track of goal achievement.
Student 3: "I really liked this idea. I aimed for achieving 10,000 steps per day. Now, when I come back from school and only 8,000 steps are on the display, I go jogging straight away."
Competition and Social Comparison. Another major stimulus for the promotion of PA seems to be the experience of competition and incentive awards (cash prizes). Students emphasized their high identification with their own class as an in-group in contrast to the other classes as an out-group. Students were motivated to win the cash prizes as well as to beat the other classes.
Student 4: "So, there was a fight between the 8th-gradeclasses of our school. Each class wanted to be better than the other 8th-grade-classes. Everyone wanted to know, how many steps the other classes achieved. Then everybody tried to collect even more steps by doing sports or being active in sports-lessons." Teacher 2: "I think that initiating a competition is the right thing for the students. They want to have the experience to compete with each other and to know where they rank in relation to the other students."
Self-Determination. Students emphasized the aspect of self-determination in collecting steps and being physically active. They particularly liked the freedom of choice to develop their own strategies and find their own scenarios in which to be active.
Student 5: "You could easily develop yourself and decide
on your own what to do. And the weather was really good which offered us the chance to be physically active outside the classroom and in the schoolyard, in times when we normally had to sit down inside."
Further Interpretation. To be able to evaluate the gain of qualitative data for the understanding of an increase in PA, an example from a student focus group is given and further used for interpretation:
Interviewer: "So, now you are more active because of the program?" Student 7: "Yeah." Student 8: "Yes, of course, now we know/because of the program we know which activities add up to which number of steps." Student 7: "Because we are able to always check our steps on the pedometer. That's why." Student 9: "Well in my case, it was a bit different: I don't really like to run a lot. My only sport/ the only sport I like is dancing. And every now and then I go jogging. Not for a long time and distance, but I sometimes went jogging. And now I go on a regular basis. And I always take the pedometer with me and try to collect at least as many steps as before or more!" Student 8: "I also go jogging on a more regular basis now. It's good because the pedometer counts your steps for you per day and per week. It's easier. It's simply a daily routine now. I'm not sure how it will be in the winter (laughs), but for now it's working."
Interviewer: "Mhm, (approving)." Student 7: "I really go outside every day, whenever I find the time instead of just idling around." Student 8: "Sometimes I take the pedometer with me, sometimes I don't. But that's not the point for me. Now I know that I make steps. I could count them, but I don't have to." Student 7: "Well, I had gone jogging already before the project, but then I started to run more often and well, what I also started doing for several times now is to walk around the room when revising my vocabulary.
And when I listen to music I start dancing and now I listen to music much more often (laughs)."
The excerpts highlight the positive effects of the intervention on students' PA. All three students seemed to benefit from the pedometer and take the stimulus as a challenge to enhance PA. The pedometer was described as an adequate tool to initiate a reflection process and establish awareness of the students' own and mutual PA levels. Different activities-particularly jogging-were evaluated with regard to their effects on step counts. The pedometer was used as a reference containing valid information and motivation but in the end-at least for Student 8-it was supposed to make itself superfluous. All students, quoted in the sequence above, seemed to be self-determined and able to set themselves reasonable and challenging individual goals using the pedometer as a control and motivational tool. Furthermore, they seemed to try to establish routines and implement sports on a regular basis in their everyday lives. In all three cases, the pedometer (or the program in general) appears to reduce restraints and stimulate ambition and creativity on how to further increase PA. The students' statements also indicated a close connection between reflective experiences ("Because of the project we know which activities add up to which number of steps") and actual behavioral change.
Critical Issues of Pedometer Use
Students stated that they were concerned about tampering and honesty in the course of the pedometer competition. Basically, pedometers measure the number of times the body tilts from side to side. This swinging movement can be imitated by other activities but walking (e.g., shaking). Thus, the "läuft." program depends on the honesty of participating students to collect steps by actually walking or doing sports. Additionally, students found it hard and sometimes annoying to wear the pedometer throughout the entire day. On the one hand, students reported that there were days they simply forgot to wear the pedometer. Even highly engaged and motivated participants described this as a negative experience. On the other hand, considering the circumstance that pedometers have to be worn at the hip there were some situations students described wearing pedometers as bothersome (e.g., while doing sports like karate) and not feasible (e.g., while doing water sports). Furthermore, students and teachers criticized the long time period between the weeks in which classes had to collect their steps and send it to project staff-during the intervention period of 12 weeks only 3 selected weeks (1st, 5th, and 11th weeks) were relevant for the pedometer competition. Participants described a decrease of motivation due to these time gaps.
> > dIScuSSIon
The current study supports findings of previous research and makes additional contribution to the understanding of how pedometer interventions work and what critical issues might be relevant in studies with adolescents. The gain of the given findings can be seen in the combination of quantitative and qualitative data analysis that is rarely found in previous studies. Regarding the current research questions, findings of qualitative data analyses confirm quantitative results indicating an increase in PA in the intervention group. Doing more sports and enhancing active transport, especially walking, were the most frequent strategies students mentioned for collecting more steps. This is important and adds new aspects to earlier research because most school-based PA programs fall short of increasing out-of-school PA (De Meester et al., 2009; van Sluijs et al., 2007) . In line with prior research, pedometers might be effective for PA promotion throughout the entire day (Lubans & Morgan, 2008; Lubans, Morgan, & Tudor-Locke, 2009; Schofield et al., 2005) .
However, the qualitative analyses could produce differentiated results especially regarding the following aspects:
Motivational Aspects
Motivation was derived from the pedometer through five different aspects of the pedometer itself as well as in combination with the "läuft." PA program as described in Figure 2 . The pedometers enable students to self-monitor their own PA levels during the whole day. This was experienced as a strong motivator for being physically active. Students described the pedometer itself and the given feedback as a reminder for being (more) physically active. This finding is in line with several studies reporting self-monitoring to be one of the most effective behavior change strategies (Michie et al., 2009) . Another aspect of pedometers' feedback function was not just the awareness of the own activity level but the evaluation of different activities on the basis of step counts. The reflection of experiences with the pedometer and increased self-awareness might be important for an actual change in behavior (Dilley, 1998) . Furthermore, students reported that pedometers enabled individual goal setting and social comparison, which might be effective strategies for changing health behaviors. The cash prizes as incentives for classes with the highest steps counts seemed to intensify the social comparison between classes and social support within classes. The importance of the class competition as motivational determinant is displayed by the statement of some students reporting that their motivation was diminished by long time periods between competition weeks. This aspect raises a critical issue as well, since external rewards might undermine intrinsic motivation for PA to some extent (Deci, Koestner, & Ryan, 1999) . However, qualitative data revealed no hints for such a corruption effect.
Another important result was the phenomenon of self-determination. While strategies like self-monitoring, goal setting, and social support are well established for PA promotion, self-determination seems to be especially important for interventions in adolescence and should be taken into closer investigation in future research. Students emphasized the freedom of choice regarding timing, location, and type of PA to collect steps. This finding agrees with a study by Corder et al. (2013) .
Critical Issues of Pedometer Use
A number of studies provided evidence for the effectiveness of pedometers in PA promotion (Lubans et al., 2009 ). The inherent function of self-monitoring in combination with goal setting might be most promising to trigger important processes for behavior change (Lubans et al., 2009 ). However, tampering of pedometers and step counts was a major point students were concerned about. A study by Scott, Morgan, Plotnikoff, Trost, and Lubans (2014) aimed at investigating reactivity and tampering of adolescents while wearing pedometers. Almost half of the study sample reported that they shook their pedometers to increase step counts. Correlations of step counts with accelerometer data were strongest among students whose pedometers were sealed compared to students using unsealed pedometers or those getting feedback once a day. In addition, students using sealed pedometers showed no reactivity, that is, their step counts were stable over the monitoring period. Thus, increases of step counts through self-monitoring might be diminished by tampering and reactivity to some extent. Furthermore, focus groups revealed that students found using pedometers for longer time period sometimes annoying and uncomfortable. These findings are in line with results by Scott et al. (2014) : 81% of the study sample found wearing a pedometer uncomfortable. This issue might be addressed by using wrist worn activity trackers, which seem to lack in accuracy but might show higher acceptance (Lee, Kim, & Welk, 2014) .
Strengths and Limitations
The whole "läuft." evaluation trial followed a systematic prescribed protocol with a large sample size. For qualitative analyses, teachers and students of almost all participating classes were being interviewed, which enhances validity of conclusions. To prevent selection biases, students who took part in focus groups were systematically selected based on a priori defined criteria. Furthermore, this study reported all aspects mentioned in the COREQ checklist (Tong et al., 2007) .
While these advantages are important, some limitations were encountered as well. The current study integrates data on class level. That is, results are based on aggregated opinions, making it hard to draw clear conclusions for the individual level. In addition, qualitative data are always limited to current cases.
> > concluSIon
Qualitative data analysis enabled a look "behind the scenes" of an observed increase in PA considering the subjective motivations, experiences, and interpretations of participants. Overall, future interventions for PA promotion in adolescence should be based on well-established behavior change strategies like self-monitoring, goal setting, and social comparison that can be combined very well with the use of pedometers. In addition, self-determination seems to play an important role for PA motivation among adolescents. This aspect should be taken into account in future programs. New technologies like smartphone applications offer the opportunity to combine the monitoring device with other intervention components integrated in just one tool. In a first attempt, Steinvoord, Haertel, and Krieger (2016) combined pedometer applications with components of the "läuft." program. This approach showed pros and cons but might be more feasible for interventions with adolescents and thus should be further investigated.
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